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Context: Particle interacting with Interface/Membranes

Silica RP = 1 µm
POPC Giant Vesicle

Cu/Silica RP = 1 µm 
POPC Giant Vesicle

Sharma et al.
Journal of Colloid and 
Interface Science, Volume 
652, 2159-2166 (2023)

Fessler et al. 
Phys. Rev. E 107, L052601 (2023)

Entry of Microparticles into Giant 
Lipid Vesicles by Optical Tweezers

Rotational and Translational 
Drags of a Janus Particle 
Close to a Wall and a Lipid 
Membrane

Dynamics of Active Colloid 
Engulfment by Giant Lipid 
Vesicles

Fessler et al.
In preparation



Energy Landscape across an Interface

• Adsorption

• Engulfing - Crossing

• Negative Adsorption

Intermolecular and Surface Forces: 
Jacob N. Israelachvili



• Macroscopic view: 

Wetting energy (Interface + Particle)

Wetting vs Colloidal Forces: Large Length Scale
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P Pieranski PRL 1980,
BP Binks…

min(E), zm/R = cosQ = (s2-s1) / g

4pR2s2

4pR2s1

Q

=ca. 1000 kT (if R = 10 nm)−∆𝐸w = 𝜋 𝑅2𝛾(1 ± cosΘ)2

Q = particle contact angle



• Nanoscopic view: Van der Waals and Electrostatic, 

Hydrophobic and Solvent-surface groups Interactions

Wetting vs Colloidal Forces: Small Length Scale

-gpR2 ?



Experiment: Polymer coated Nanoparticles

18 nm
PMMA- PEG- based Copolymer Shell

Poly(MEO2MAx-co-OEGMAy)
x= 90, y = 10

28 nm

Responsive to T and ionic strength (NaCl)

GOLD

28 nm

T or NaCl

hydrophobic

Hydrophilic

Edwards et al. Angewandte Chemie 2008JF Lutz. J. Polymer Sci. A ‘08



Crossing Observations

Water to Toluene
at room T by adding NaCl salt

Replacing salty water with pure water,
NO reversible transfer!

by adding NaCl by adding NaOH
(or by low T = 5°C)

1

2

Edwards et al. Angewandte Chemie 2008

NP Free energy E (+NaOH) < E(in Toluene) < E (in Water)



Ellipsometry: non invasive, in-situ Adsorption

E i

Linearly polarised
incident Light

E r

Elliptically polarised
reflected Light

j

z

YD

interface

y
x

Interfacial profile model

Contact angle Q and surface coverage f

Stocco et al. Soft Matter 2014



NO Spontaneous adsorption in pure Liquids

Water/Toluene and Water/Air Interfaces 

NO significant changes, NO ADSORPTION ! 
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cNP = 1 gL-1

vol. fraction = 5 10-5
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Adsorption occurs in 0.1 M salty water
Water/Air interfaces

NaCl NaOH

promotes “hydrophobicity” promotes “Hydration”

Stocco et al. Soft Matter 2014

cNP = 1 gL-1

vol. fraction = 5 10-5
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Surface coverage f reveals DE

Knowing the Bulk conc. (cB) and finding the Surface conc. (cS), one might define: 

K = cS/cB = exp(-DE/kT) 

DE = ca. 6 kT ( crossing ) = ca. 102...103 kT ( adsorption)
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DE INTERFACE = INTERPHASE

Wetting- single particle

Air/Toluene

50…100 nm (f =2...5%)

−∆𝐸w = 𝜋 𝑅2𝛾(1 ± cosΘ)2



Crossing Observations

Water to Toluene
at room T by adding NaCl salt

Replacing salty water with pure water,
NO reversible transfer!

1

Edwards et al. Angewandte Chemie 2008, J. Phys Chem C 2008

Free energy E (+NaOH) < E(in Toluene) < E (in Water)

Crossing------------- adsorption



+DLVO (electrostatics + VdW)

+ 

Total Energy E = EW+… 

+ 

Stocco et al. Angewandte Chemie 2012

EHB

(hydrophobic attraction close to the interface)

cFH (Flory-Huggins parameter, solvent quality)
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ELECTROSTATIC 

REPULSION

BARRIER

POLYMER

10 nm
Gold NPs
@ OW

…in agreement with crossing 
experiments…
Still the minimum is too 
deep, repulsion between NPs 
at the interface?

Stocco et al. Angewandte Chemie 2012

water



Capillarity rules the large length scales. Long-
range surface interactions

(VdW, Electrostatics..) become important the 
small length scales

Stocco, Möhwald Langmuir 2015

Contact angle - Wetting vs Colloidal Forces 

1/RD

q (length scale)
Nanodrops, nanobubbles

Lohse et al.Rev Mod Physics 2015

Large l

q (length scale, l) Attractive 

Small l



Particle radius sets the scale of wetting

R >> µm Q

qE = 52°

Attraction long range interactions
Increase of local contact angle (l0)

Repulsion interactions,
Decraese of local contact angle(l0)

Stocco, Möhwald Langmuir 2015

Attraction Repulsion

67°
NaCl

21°
NaOH
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Long range Van der Waals

𝛿0
𝑏
= 𝑓(𝐻𝑐 , 𝜃𝐸)



Summary

OIL AIR

Stocco et al. Soft Matter 2014



Conclusions

» Very slow and low adsorption onto Fluid Interface

» Ellipsometry: Energy landscape & Wetting

» Electrostatic energy barrier

» Phase Transfer can be finely triggered

» Role of Long range surface forces on Wetting & transfer








